Remarks 

These comments are responsive to the Official Action mailed on Office Action mailed 
on June 30, 2003. The Office Action required that support be provided for each of copied 
claims in the pending application and rejected claims 63-77 and 80-106 under 35 U.S.C. 1 12, 
first paragraph. The support for the pending claims is provided below. Additionally, it is 
respectfully submitted that the rejection of these claims under 35 U.S.C. 1 12, first paragraph, 
is not well founded and that sufficient support is provided, as is also shown by claim listing 
provided below. 

The Office Action also rejected claims 78 and 78 under 35 U.S.C. 102(b). Claims 78 
and 79 are being cancelled by this Amendment as they are being separately pursued in a 
divisional application filed August 13, 2003, as the patent from which they originate is not 
part of the family of patents from which all of the other pending claims originate. Although it 
is respectfully submitted that the rejection of these claims in the present Office Action is not 
well founded, it will not be discussed further as these claims are no longer pending in the 
present application. 

Claims 101 has been amended in order to correct its dependency. 

In the following support for the pending claims, as many of the claims only differ 
slightly, and to save space and avoid excessive repetition, a full listing is not given for claims 
that are only slightly different from an already listed claim, with only the differing portion 
described. If requested, the Applicants can provide these additional listings in expanded 
form. 

Much of the support for the pending claims is provided by referring to the material 
included by the Preliminary Amendment filed concurrently with the present application. 
Reference is also made to U.S. patent number 5,095,344 (referred to below as 4t, 344"), 
application number 204,175, which is incorporated by reference into the present application 
(and the Preliminary Amendment) in a number of places, such as at page 11, line 26, page 22, 
line 14, and page 26, line 3. Although other portions will be referred to, the particularly 
relevant material is Figures 12, 13, 15A, 15B, 22, and 23, along with the corresponding 
description in the potion of the application included by the Preliminary Amendment, and 
Figures 1 lc and 1 le and column 23, line 25, to column 27, line 44, of 344. 
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Pending Claims 



Present Application 



63. For an electrically alterable non- 
volatile multi-level memory device including 
a plurality of non-volatile multi-level 
memory cells, each of the multi-level 
memory cells including a floating gate FET 
having a channel with electrically alterable 
voltage threshold value, the plurality of non- 
volatile multi-level memory cells being 
disposed in a matrix of rows and columns, 
channels of multi-level memory cells of a 
first group of the plurality of non-volatile 
multi-level memory cells being coupled in 
parallel between a first bit line and a 
reference potential, channels of multi-level 
memory cells of a second group of the 
plurality of non-volatile multi-level memory 
cells being coupled in parallel between a 
second bit line and the reference potential, 
electrons being capable of being injected into 
the floating gate from the channel of each of 
the plurality of non-volatile multi-level 
memory cell, electric currents flowing 
through the channels of the multi-level 
memory cells of the first group and electric 
currents flowing through the channels of the 
multi-level memory cells of the second group 
being substantially flowing in a same 
direction, a method of operating the 
electrically alterable non-volatile multi-level 
memory device, comprising: 



All of the exemplary embodiments 
are multi-level non-volatile, floating gate 
FET memory cells. 



Exemplary array structures with the 
described matrix structure are shown in 
Figures 15a and 15b of T 344 and Figures 12 
and 22 of the present application. 



The injection mechanism is described 
briefly at column 1, lines 42-47, of x 344 and 
in more detail for various cell embodiments 
beginning at column 5, line 33. See also page 
11, lines 18-19 of Preliminary Amendment. 
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settling a parameter of at least one 
non-volatile multi-level memory cell of the 
plurality of non- volatile multi-level memory 
cells to one state selected from a plurality of 
states including at least a first state, a second 
state, a third state and a fourth state in 
response to information to be stored in the 
one non- volatile multi-level memory cell, 


"Settling" is the program pulse, 
column 25, lines 16-20, of 344, and step 6 of 
Figure 23 of the present .application. The 
states are shown in terms of threshold voltage 
in Figure 15 A of the present application. See 
also Figure 11c of 344 for the current- 

v uitagc xciauuil Ul ulc Stales, WniCQ IS tne 

same as Figure 15B of the present 
application. 


verifying whether the parameter of the 
one non-volatile multi-level memory cell has 
being settled to the one state selected from 
the plurality of states by comparing the 
parameter of the one non-volatile multi-level 
memory cell with a plurality of verifying 
reference parameters including at least a first 
verifying reference parameter, a second 
verifying reference parameter, a third 
verifying reference parameter and a fourth 
verifying reference parameter, and of 
repeating the operation for settling the 
parameter and the operation for verifying 
until it is verified by the operation for 
verifying that the parameter of the one non- 
volatile multi-level memory cell has being 
settled to the one state, 


See column 26, lines 18-35, of 344. 
Also, steps 4 and 5 of Figure 23 of the 
present application. 

See also Figures 1 lc and 1 le of 344 
for the verifying reference parameters (the 
Irefs) and the corresponding circuitry. 

Column 25, lines 16-20, of 338. 
Also, the "repeating the operation..." 

i copunuo iKj uic loop ox steps Hy o, and o oi 
Figure 23 of the present application. 


reading status of the one non-volatile 
multi-level memory cell by comparing the 
parameter with a plurality of reading 
reference parameters including at least a first 
reading reference parameter, a second reading 


See again Figures 11c and lie of 
344 and the corresponding description 
beginning at line 34 of column 26 for the 
reading reference parameters (the I DS s) and 
the corresponding circuitry. See also page 
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reference parameter and a third reading 
reference parameter, . 


12, starting at line 6, of the Preliminary 
Amendment. 


wherein a conductivity value of the 
one non-volatile multi-level memory cell is 
decreased in order of the first state, the 
second state, the third state and the fourth 
state, 


Figures 11c of ^338 and 15Aand 15B 
of the present application. 


wherein the first reading reference 
parameter is allocated between the first state 
and the second state, the second reading 
reference parameter is allocated between the 
second state and the third state, and the third 
reading reference parameter is allocated 
between the third state and the fourth state, 


Figures 11c and lie and column 26, 
lines 36-65, of '344. 


wherein the first reading reference 
parameter, the second reading reference 
parameter and the third reading reference 
parameter are parameters for a normal read 
operation in which the information stored in 
the one non-volatile multi-level memory cell 
can be read out by output data of a plurality 
of bits, 


See again Figures 11c and lie of 
'344 and the corresponding description 
beginning at column 26, lines 36-65, of 344. 


wherein the normal read operation is 
carried out by parallel-comparing the 
parameter with the plurality of reading 
reference parameters by using a plurality of 
sense circuits including at least a first sense 
circuit, a second sense circuit and a third 
sense circuit, first input terminals of the first 
sense circuit, the second sense circuit and the 
third sense circuit are commonly supplied 


Figure lie of '344 and column 26, 
lines 4-17 and 39-42. The sense circuits 
(SENSE AMPs) are commonly connected in 
parallel to the BIT LINE and receive the 
respective reference currents. 
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with the parameter from the one non-volatile 
multi-level memory cell, a second input 
terminal of the first sense circuit is supplied 
with the first reading reference parameter, a 
second input terminal of the second sense 
circuit is supplied with the second reading 
reference parameter and a second input 
terminal of the third sense circuit is supplied 
with the third reading reference parameter, 
and 




wherein the first verifying reference 
parameter is allocated below the first reading 
reference parameter, the second verifying 
reference parameter is allocated between the 
first reading reference parameter and the 
second reading reference parameter, the third 
verifying reference parameter is allocated 
between the second reading reference 
parameter and the third reading reference 
parameter and the fourth verifying reference 
parameter is allocated above the third reading 
reference parameter. 


The relation of the verifying reference 
parameters and the reading reference 
parameters is described in '344, column 26, 
lines 51-65. 




64. The method of operating the 
electrically alterable non-volatile multi-level 
memory according to claim 63, wherein the 
operation for settling the parameter includes a 
program operation in which electrons are 
injected into a floating gate of the one non- 
volatile multi-level memory cell. 


As noted above, the "settling the 
parameter" is a program operation. Electrons 
being injected into the floating gate is 
standard Flash memory operation; see, for 
example, column 1, lines 20-28, of '344. 
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Claims 65 and 66 differ from claims 63 and 64, respectively, in the replacement of "a 
parameter" with "an electrical value" and in the replacement of "settling a parameter" with 
"controlling an electrical value". As noted above in the support for claim 63, the "parameter" 
can be taken as the threshold voltage and the "settling" or "controlling" is the application of a 
programming pulse. Consequently, the support for claims 65 and 66 is respectively the same 
as that for 63 and 64 and will not be repeated to save space. 

Claims 67 and 68 are device claims that directly correspond, respectively, to method 
claims 63 and 64 on an element by element basis. Consequently, the support for claims 67 
and 68 is again respectively the same as that for 63 and 64 and will also not be repeated to 
save space. 



69. The electrically alterable non- 
volatile multi-level memory according to 
claim 68, further comprising, a plurality of bit 
lines, including said first and said second bit 
line, each of which transfers information 
indicating data stored in a memory cell, 
wherein drain regions of said multi-level 
memory cells of said first group in said 
matrix are coupled to said first bit line of said 
plurality of bit lines, drain regions of said 
multi-level memory cells of said second 
group adjoining to said first group in said 
matrix are coupled to said second bit line 
adjoining to said first bit line in said plurality 
of bit lines and drain regions of multi-level 
memory cells of a third group adjoining to 
said second column in said matrix are 
coupled to a third bit line adjoining to said 
second bit line in said plurality of bit lines. 



The described matrix structure is 
shown in Figures 15a and 15b of '344 and 
Figures 12 and 22 of the present application. 
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Claims 70-72 differ from claims 67-69, respectively, in the replacement of "a 
parameter" with "an electrical value" and in the replacement of "settling a parameter" with 
"controlling an electrical value". As noted above in the support for claim 63, the "parameter" 
can be taken as the threshold voltage and the "settling" or "controlling" is the application of a 
programming pulse. Consequently, the support for claims 70-72 is resDectivelv the same a«j 
that for 67-69 and will not be repeated to save space. 


73. An electrically non- volatile multi- 
level memory device comprising: 


The exemplary embodiments are all 
electrical non-volatile multi-level memory 
devices 


a plurality of memory cells disposed 
in matrix having rows and columns, 


Figures 12 and 22 of the present 
application and Figures 15a and 15b of ^344. 


wherein each of said plurality of 

iu\*Lii\jLy v^wiia liao a UJXCaflUlU VOluage 

corresponding to data of two bits, 


Figures 1 lc of ^344 and 15A and 15B 
of the present application. 


wherein threshold voltages of said 
nluralitv of memorv pp11<; arp nil nratpH tr\ r»n^ 

of a first, a second, a third and a fourth 
threshold range, 


Figures 1 lc of *344 and 15A and 15B 
of the present application. 


wherein said first threshold range 
indicates an erase state, and said second, said 

third Said foiirtll fhrPcVinlH mncrt* inrJir»ato 

program states different from said erase state, 


Figures 11c of ^344 and 15A and 15B 
of the present application. 


wherein said second, said third and 
bdia iounn inresnoia range indicate mutually 
different programming states, 


Figures 11c oF344 and 15A and 15B 
of the present application. 


wherein a threshold voltage of a 
memory cell selected from said plurality of 
memory cells is allocated in one of said first, 
said second and said third threshold range, 
and 


Figures 1 lc of ^344 and 15A and 15B 
of the present application. 
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wherein control gates of memory cells 
on the same row in said matrix are coupled to 
a word line of a plurality of word lines, 


Fieures 12 and 22 of thp nrpcpnt 
application and Figures 15a and 15b of ' 344. 


a plurality of bit lines each of which 
transfers information indicating data stored in 
a memory cell, wherein drain regions of 
memory cells on a first column in said matrix 
are coupled to a first bit line of said plurality 
of bit lines, drain regions of memory cells on 
a second column adjoining to said first 
column in said matrix are coupled to a second 
bit line adjoining to said first bit line in said 
plurality of bit lines and drain regions of 
memory cells on a third column adjoining to 
said second column in said matrix are 
coupled to a third bit line adjoining to said 
second bit line in said plurality of bit lines, 


Figures 12 and 22 of the present 
application and Figures 15a and 15b of '344. 


a programming circuit programming 
ones of said plurality of memory cells to said 
programming states by using verify reference 
parameters, 


Figure lie of '344: programming 

Control Hit linP anH wnrH linp rsmcrr nnlcp 

See Figure 22 of the present application 


a sense circuit which compares 
information indicating data stored in a 
memory cell with a first reference parameter, 
a second reference parameter and a third 
reference parameter in parallel, in a normal 
read operation, 


Figure lie, lower left portion, and 
column 26, lines 51-65, of '344. 


wherein said first threshold range is 
lower than said second threshold range, said 
second threshold range is lower than said 
third threshold range, and said third threshold 


Figure 11c and column 26, lines 51- 
65 of '344 and Ftcnirp<; ISA anH 1 nf the* 
present application. 
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range is lower than said fourth threshold 
range, 




wherein said third reference parameter 
is higher than said second reference 
parameter, and said second reference 
parameter is higher than said first reference 
parameter, 


Figure 11c and column 26, lines 51- 
65, of x 344 and Figures 15A and 15B of the 

nrecpnt nrvnlipatinn 


wherein said verifv reference 
parameters have at least first and second 
verify reference parameters, 


rigure iic dnu column zo, lines ji- 
65, of ^344 and Figures 15A and 15B of the 
present application. 


wherein said first verify reference 
parameter is allocated between said second 
threshold range and said third threshold 
range, and said second verify reference 
parameter is allocated between said first 
threshold range and said second threshold 
range, and 


Figure 11c and column 26, lines 51- 
65, of ^344 and Figures 15A and 15B of the 
present application. 


wherein said first verify reference 
parameter is settled between said second 
reference parameter and said third reference 
parameter, and said second verify reference 
parameter is settled between said first 
reference parameter and said second 
reference parameter. 


Figure 11c and column 26, lines 51- 
65, of y 344 and Figures 15A and 15B of the 
present application. 




74. An electrically non- volatile multi- 
level memory device according to claim 73, 
wherein each of said plurality of memory 
cells has a floating gate, and a threshold 
voltage of a selected memory cell is allocated 
to one of said first, said second and said third 


For floating gate, see Figures 9-11 of 
the present application. 

The threshold voltages are shown in 
Figures 15A and 15B of the present 
application. 
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threshold ranee from said fourth threshold 

"^ J, ^^^ F "will C4.J. VI- 1V/U1 Ul 1111 WUllV/lU 

range by being injected with hot electron to a 
floating gate of said selected memory cell. 


no i electron injection is specified in 
y 344 at column 27, line 53, column 5, line 67, 
and column 10, line 62. 




75. An electrically non- volatile multi- 
level memory device according to claim 74, 
further comprising, 

a column select circuit which receives 
column addresses, and which couples 
selected bit lines to said sense circuits. 


1101, 1107,and 1109 of Figure 12, of 
the present application. Sense circuits 1220 
are shown in Figure 13. 




76. An electrically non-volatile multi- 
level memory device according to claim 75, 
wherein each of said sense circuits has a first 
comparator which receives said information 
and said first reference parameter, a second 
comparator which receives said information 
and said second reference parameter and a 
third comparator which receives said 
information and said third reference 
parameter. 


Figure lie, lower left portion, and 
column 26, lines 51-65, of 344. 




77. An electrically non-volatile multi- 
level memory device according to claim 75, 
wherein each of said plurality of memory 
cells has a source region to which is supplied 
with a reference potential in said read 
operation. 


Figure 12 of the present application. 
Source region is denoted "S" and reference 
potential is "V s ", where exemplary values are 
given in Tables 1 and 2 of Figures 26 and 27. 
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80. For an electrically alterable non- 
volatile multi-level semiconductor memory 
device including a plurality of non-volatile 
multi-level memory cells, each of the multi- 
level memory cells including a floating gate 
FET having a channel with electrically 
alterable voltage threshold value, the plurality 
of non-volatile multi-level memory cells 
being disposed in a matrix of rows and 
columns, channels of multi-level memory 
cells of a group of the plurality of non- 
volatile multi-level memory cells being 
coupled in parallel between a bit line and a 
reference potential, electrons being capable of 
being injected into the floating gate from the 
channel in each of the plurality of non- 
volatile multi-level memory cells, a method 
of operating the electrically alterable non- 
volatile multi-level semiconductor memory 
device, comprising: 


All of the exemplary embodiments 
are multi-level non-volatile, floating gate 
FET memory cells. 

Exemplary array structures with the 
described matrix structure are shown in 
Figures 15a and 15b of A 344 and Figures 12 
and 22 of the present application. 

The injection mechanism is described 
briefly at column 1, lines 42-47, of x 344 and 
in more detail for various cell embodiments 

bfiP"innincr at rnlnrrm S 1in** Qpp a1er\ norro 

^w^imiiiig a. I \sKJ I Ullll 1 J ? 1H1C JJ. OCC dloU UdgC 

11, lines 18-19 of Preliminary Amendment. 


setting a parameter of at least one 
non-volatile multi-level memory cell of the 
plurality of non-volatile multi-level memory 
cells to a state selected from a plurality of 
states including at least a first state, a second 
state, a third state and a fourth state in 
response to information to be stored in the 
one non-volatile multi-level memory cell, 


Setting is the program pulse, column 
25, lines 16-20, of '344, and step 6 of Figure 
23 of the present application. The states are 
shown in terms of threshold voltage in Figure 
15A of the present application. See also 

Figure 11c of ^44 for thp r^^rvi=>r\t-\7^\^t'xcr^* 

relation of the states, which is the same as 
Figure 15B of the present application. 


when one of the first third states is 
selected, verifying whether the parameter of 
the one non-volatile multi-level memory cell 


See column 26, lines 18-35, of 344. 
Also, steps 4 and 5 of Figure 23 of the 
present application. 
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has been set to the one state, including 
comparing the parameter of the one non- 
volatile multi-level memory cell with one of a 
plurality of verifying reference parameters 
including at least a first verifying reference 
parameter, a second verifying reference 
parameter and a third verifying reference 
parameter, the operation of setting the 
parameter being conducted until it is verified 
by the operation of verifying that the 
parameter of the one non-volatile multi-level 
memory cell has been set to the one state, 


See also Figures 11c and lie of * 344 
for the verifying reference parameters (the 
Irefs) and the corresponding circuitry. 

Column 25, lines 16-20, of ^344. 
Also, the "repeating the operation..." 

COTTesnonds to thp Innn nf dfpnc A ^ QnH fx nf 

vvuvo^uiiuo l\J lilt IVJUp Ul oLCpi> J, cUltl O Ol 

Figure 23 of the present application. 


reading status of the one non-volatile 
multi-level memory cell, including 
comparing the parameter of the one non- 
volatile multi-level memory cell, with a 
plurality of reading reference parameters 
including at least a first reading reference 
parameter, a second reading reference 
parameter and a third reading reference 
parameter, 


See again Figures 1 lc and 1 le of '344 
and the corresponding description beginning 
at line 34 of column 26 for the reading 
reference parameters (the I DS s) and the 
corresponding circuitry. See also page 12, 
starting at line 6, of the Preliminary 
Amendment 


wherein a conductivity value of the 
one non-volatile multi-level memory cell is 
increased in order of the first state, the second 
state, the third state and the fourth state, 


Figures 11c of '344 and 15A and 15B 

of the nre^pnt annliratirm 


wherein the first reading reference 
parameter is allocated between the first state 
and the second state, the second reading 
reference parameter is allocated between the 
second state and the third state, and the third 
reading reference parameter is allocated 


Figures 11c and lie and column 26, 
lines 36-65, of ' 344. 
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between the third state and the fourth state, 




wherein the first reading reference 
parameter, the second reading reference 
parameter and the third reading reference 
parameter are parameters for a normal read 
operation in which the information stored in 
the one non-volatile multi-level memory cell 
can be read out as output data of a plurality of 
bits, 


See again Figures 11c and lie of 
"344 and the corresponding description 
beginning at column 26, lines 36-65, of '344. 


wherein the normal read operation 
includes parallel-comparing the parameter of 
the one non-volatile multi-level memory cell 
with the plurality of reading reference 
parameters using a plurality of sense circuits 
including at least a first sense circuit, a 
second sense circuit and a third sense circuit, 
first input terminals of the first sense circuit, 
the second sense circuit and the third sense 
circuit are commonly supplied with the 
parameter of the one non-volatile multi-level 
memory cell, a second input terminal of the 
first sense circuit is supplied with the first 
reading reference parameter, a second input 
terminal of the second sense circuit is 
supplied with the second reading reference 
parameter and a second input terminal of the 
third sense circuit is supplied with the third 
reading reference parameter, 


Figure lie of "344 and column 26, 
lines 4-17. The sense circuits (SENSE 
AMPs) are commonly connected in parallel 
to the BIT LINE and receive the respective 
reference currents. 


wherein the first verifying reference 
parameter is allocated above the first reading 
reference parameter, the second verifying 


The relation of the verifying reference 
parameters and the reading reference 
parameters is described in "344, column 26, 
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reference parameter is allocated between the 
first reading reference parameter and the 
second reading reference parameter and the 
third verifying reference parameter is 
allocated between the second reading 
reference parameter and the third reading 
reference parameter, and 


lines 51-65. 


wherein the plurality of non-volatile 
multi-level memory cells of the matrix of the 
rows and the columns are disposed in 
substantially a rectangle that has a first side, a 
second side, a third side and a fourth side, the 
first side and the second side intersect with 
each other substantially perpendicularly, a 
plurality of word lines coupled with gate 
electrodes of floating gate FET's of the multi- 
level memory cells and the first side of the 
rectangle intersect with each other 
substantially perpendicularly, a plurality of 
bit lines coupled with drains of floating gate 
FET's of the multi-level memory cells and the 
second side of the rectangle intersect with 
each other substantially perpendicularly, a 
row select circuit is disposed at the first side 
of the rectangle for coupling with the 
plurality of word lines, and peripheral 
circuitry, including a column select circuit, 
sense circuits, a data conversion circuit and 
latches, is disposed at the second side of the 
rectangle. 


The described matrix structure is 
shown in Figures 15a and 15b of '344 and 
Figures 12 and 22 of the present application. 
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81. The method of operating the 
electrically alterable non-volatile multi-level 
memory according to claim 80, 

wherein the operation of setting the 
parameter includes an erasure operation in 
which non-volatile multi-level memory cells 
of one of a byte, a block and a chip level can 
be erased. 


Figure 23, step (1), of the present 
application shows the erase operation as an 

initial Qtf*n in thp nrnoTS»mmiricr 
mi ti en oLtsjj in unc uiuiii di inning. 




82. The method of operating the 
electrically alterable non-volatile multi-level 
memory according to claim 81, 

wherein the operation of setting the 
parameter includes a program operation in 
which electrons are injected into a floating 
gate of the one non-volatile multi-level 
memory cell. 


Figure 23, steps (4)-(6), of the present 
application. 


Claims 83-85 differ from claims 80-82, respectively, in the replacement of "a 
parameter" with "an electrical value" and in the replacement of "setting a parameter" with 
"controlling an electrical value". As noted above in the support for claim 80, the "parameter" 
can be taken as the threshold voltage and the "setting" or "controlling" is the application of a 
programming pulse. Consequently, the support for claims 83-85 is respectively the same as 
that for 80-82 and will not be repeated to save space. 

Claims 86-88 are device claims that directly correspond, respectively, to method 
claims 80-82 on an element by element basis. Consequently, the support for claims 86-88 is 
again respectively the same as that for 80-82 and will also not be repeated to save space. 


89. The electrically alterable non- 
volatile multi-level memory according to 
claim 88, 
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wherein each of the plurality of bit 
lines transfers information indicating data 
stored in a memory cell, wherein drain 
regions of said multi-level memory cells of 
said group in said matrix are coupled to a first 
bit line of said plurality of bit lines, drain 
regions of multi-level memory cells of a 
second group adjacent to said group in said 
matrix are coupled to a second bit line 
adjacent to said first bit line in said plurality 
of bit lines and drain regions of multi-level 
memory cells of a third group adjacent to said 
second group in said matrix are coupled to a 
third bit line adjacent to said second bit line 
in said plurality of bit lines. 


The described matrix structure is 
shown in Figures 15a and 15b of '344 and 
Figures 12 and 22 of the present application. 


Claims 90-93 differ from claims 86-89, respectively, in the replacement of "a 
parameter" with "an electrical value" and in the replacement of "setting a parameter" with 
"controlling an electrical value". As noted above in the support for claim 80, the "parameter" 
can be taken as the threshold voltage and the "settling" or "controlling" is the application of a 
programming pulse. Consequently, the support for claims 90-93 is respectively the same as 
that for 86-89 and will not be repeated to save space. 


94. A non-volatile semiconductor 
memory device comprising: 


The exemplary embodiments are all 
non-volatile semiconductor memory devices. 


a plurality of non-volatile memory 
cells each of which has a threshold voltage 
representing data of at least two bits, wherein 
threshold voltages of the plurality of non- 
volatile memory cells are shiftable among at 


Figures 12 and 22 of the present 
application and Figures 15a and 15b of '344. 
Figure 11c and column 26, lines 51-65, of 
'344 and Figures 15A and 15B of the present 
application. 
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least three threshold levels which indicate 
mutually different programming states and 
which also differ from a threshold level 
indicating an erase state; 




parameter generating circuitry 
generating a first programming reference 
parameter, a first read reference parameter, a 
second programming reference parameter, a 
second read reference parameter, a third 
programming reference parameter and a third 
read reference parameter; and 


One embodiment uses the reference 
cells of Figure 17B of the present application. 


sensing/program-verifying circuitry 
receiving a parameter which represents 
threshold voltage of one non- volatile memory 
cell, the first programming reference 
parameter, the first read reference parameter, 
the second programming reference parameter, 
the second read reference parameter, the third 
programming reference parameter and the 
third read reference parameter; 


1440 of Figure 17B of the present 
application; Figure lie, lower left portion, 
and column 26, lines 51-65, of '344. 


wherein the first read reference 
parameter is allocated between a level 
corresponding to the erase state and the first 
programming reference parameter, the second 
read reference parameter is allocated between 
the first programming reference parameter 
and the second programming reference 
parameter, and the third read reference 
parameter is allocated between the second 
programming reference parameter and the 
third programming reference parameter, 


Figure 11c and column 26, lines 51- 
65, of 344 and Figures 15A and 15B of the 
present application. 
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wherein the sensing/program- 
verifying circuitry generates data of at least 
two bits represented by the one non-volatile 
memory cell threshold voltage, verifies 
whether the one non-volatile memory cell 
threshold voltage is shifted to the threshold 
level indicating a selected one of the 
programming states, and programs the one 
non-volatile memory cell until it is verified 
that the one non-volatile memory cell 
threshold voltage has been shifted to that 
threshold level, 


Figure 17B of the present application; 
Figure lie, lower left portion, and column 
26, lines 51-65, of '344. A program 
algorithm is shown in Figure 23 of the 
present application. 


wherein the first programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a first threshold level 
of the three threshold levels, the first read 
reference parameter is used for detecting 
whether non-volatile memory cell threshold 
voltages are near to the first threshold level or 
to the threshold level indicating the erase 
state, and one of the first programming 
reference parameter and the first read 
reference parameter is shifted from and 
dependent upon the other, 


Figure 11c and column 26, lines 51- 
65, of '344 and Figures 15A and 15B of the 
present application. 

'344, column 26, lines 60-65: "shifted 
by a fixed amount ..." 


wherein the second programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a second threshold 
level of the three threshold levels, the second 
read reference parameter is used for detecting 


Figure 11c and column 26, lines 51- 
65, of '344 and Figures 15A and 15B of the 
present application. 
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whether non-volatile memory cell threshold 
voltages are near to the second threshold 
level or to the first threshold level, and one of 
the second programming reference parameter 
and the second read reference parameter is 
shifted from and dependent upon the other, 
and 


x 344, column 26, lines 60-65: "shifted 
by a fixed amount ..." 


1 wherein the third programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a third threshold level 
of the three threshold levels, the third read 
reference parameter is used for detecting 
whether non-volatile memory cell threshold 
voltages are near to the third threshold level 
or to the second threshold level, and one of 
the third programming reference parameter 
and the third read reference parameter is 
shifted from and dependent upon the other. 


Figure 11c and column 26, lines 51- 
65, of '344 and Figures 15A and 15B of the 
present application. 

'344, column 26, lines 60-65: "shifted 
by a fixed amount ..." 




95. A non-volatile semiconductor 
memory device according to claim 94, 

wherein the parameter generating 
circuitry includes a first parameter generating 
circuit which generates the first programming 
reference parameter and the first read 
reference parameter, a second parameter 
generating circuit which generates the second 
programming reference parameter and the 
second read reference parameter, and a third 
parameter generating circuit which generates 


The reference cells of Figure 1 7B of 
the present application. 
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the third programming reference parameter 
and the third read reference parameter, and 




wherein each of the first parameter 
generating circuit, the second parameter 
generating circuit and the third parameter 
generating circuit includes an element 
causing the corresponding one reference 
parameter and the corresponding other 
reference parameter to have different values. 


The reference cells of Figure 17B of 
the present application. 




Qfc A nnn - vnl nti 1 p cpm i rr\nH 1 1 pfnr 

memory device according to claim 95, 

wherein each of the first parameter 
generating circuit, the second parameter 
generating circuit and the third parameter 
generating circuit further includes a reference 
cell which has substantially the same 
construction as each of said plurality of 
memory cells, and the reference cell and the 
element of each parameter generating circuit 
cooperate to provide a predetermined 
difference between the corresponding read 
and programming reference parameters. 


The reference cells of Figure 17B of 
the present application. 




97. A non- volatile semiconductor 
memory device according to claim 94, 

wherein each read reference 
parameter is dependent upon the 
corresponding programming reference 
parameter. 


'344, column 26, lines 60-65: 
"shifted by a fixed amount ..." 
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98. A non- volatile semiconductor 
memory device according to claim 94, 

wherein a conductivity value of the 
one non-volatile memory cell is decreased in 
order of the threshold level indicating the 
erase state, the first threshold level, the 
second threshold level and the third threshold 
level, and 


Figure 11c of '344 and Figures 15A 
and 15B of the present application. 


wherein threshold voltages of non- 
volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the 
threshold level indicating the erase state by 
an erase operation. 


See the "Erase of Memory Structures" 
section, beginning on page 8, line 6, and 
Figure 2 of the present application. 




99. A non-volatile semiconductor 
memory device according to claim 98, 

wherein each of the plurality of non- 
volatile memory cells has a floating gate to 
which electrons are capable of being injected 
from a channel. 


Figures 9-11 of the present 
application. 


Aside from differing in the claim upon which they depend, claims 100, 102, 104, and 
109 are the same as claim 98. Similarly, claims 101, 103, 105 and 110 are the same as claim 
99, except for a change of dependence. Therefore, the support for claims 100, 102, 104, and 
109 and claims 101, 103, 105 and 110 is the same as that given above for claim 98 and claim 
99, respectively, and will not be repeated in order to same space. 


106. A non- volatile semiconductor 
memory device according to claim 94, 

wherein the first, second and 
third read reference parameters are dependent 


'344, column 26, lines 60-65: 
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upon the first, second and third programming 
reference parameters, respectively. 


"shifted by a fixed amount . . 




107. A non- volatile semiconductor 
memory device comprising: 


The exemplary embodiments are all 
non- volatile semiconductor memory devices. 


a plurality of non-volatile memory 
cells each of which has a floating gate and a 
threshold voltage representing data of at least 
two bits, wherein electrons are capable of 
being injected into the floating gate, and 
wnerein tnresnoiu voiiages 01 me piuicuuy ui 
non-volatile memory cells are shiftable 
among at least three threshold levels which 
indicate mutually different programming 
states and which also differ from a threshold 
level indicating an erase state; and 


Figures 12 and 22 of the present 
application and Figures 15a and 15b of '344. 
Figure 11c and column 26, lines 51-65, of 
344 and Figures 15A and 15B of the present 
application. 


I sensing/program-verifying circuitry 
receiving a parameter which represents the 
threshold voltage of one non- volatile memory 
cell, a iirst programming reiereiice pdidmcici, 
a first read reference parameter, a second 
programming reference parameter, a second 
read reference parameter, a third 
programming reference parameter and a third 
read reference parameter; 


1440 of Figure 17B of the present 
application; Figure lie, lower left portion, 
and column 26, lines 51-65, of '344. 


wnerem mc inoi icau iciciwitt 
parameter is allocated to represent a level 
between the threshold level indicating the 
erase state and a level represented by the first 
programming reference parameter, the second 
read reference parameter is allocated between 


Figure 11c and column 26, lines 51- 
65, of '344 and Figures 15A and 15B of the 
present application. 
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the first programming reference parameter 
and the second programming reference 
parameter, and the third read reference 
parameter is allocated between the second 
programming reference parameter and the 
third programming reference parameter, 




wherein the sensing/program- 
verifying circuitry generates data of at least 
two bits represented by the one non- volatile 
memory cell threshold voltage, verifies 
whether the one non-volatile memory cell 
threshold voltage is shifted to the threshold 
level indicating a selected one of the 
programming states, and programs the one 
non-volatile memory cell until it is verified 
that the one non-volatile memory cell 
threshold voltage has been shifted to that 
threshold level, 


Figure 17B of the present application; 
Figure lie, lower left portion, and column 
26, lines 51-65, of A 344. A program 
algorithm is shown in Figure 23 of the 
present application. 


wherein the first programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a first threshold level 
of the three threshold levels, and the first read 
reference parameter is used for detecting 
whether non-volatile memory cell threshold 
voltages are near to the first threshold level or 
to the threshold level indicating the erase 
state, 


Figure 11c and column 26, lines 51- 
65, of x 344 and Figures 15A and 15B of the 
present application. 


wherein the second programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 


Figure 11c and column 26, lines 51- 
65, of 344 and Figures 15A and 15B of the 
present application. 
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voltages are shifted to a second threshold 
level of the three threshold levels, and the 
second read reference parameter is used for 
detecting whether non-volatile memory cell 
threshold voltages are near to the second 
threshold level or to the first threshold level, 




wherein the third programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a third threshold level 
of the three threshold levels, and the third 
read reference parameter is used for detecting 
whether non-volatile memory cell threshold 
voltages are near to the third threshold level 
or to the second threshold level, 


Figure 11c and column 26, lines 51- 
65, of '344 and Figures 15A and 15B of the 
present application. 


wherein the first read reference 
parameter, the second read reference 
parameter and the third read reference 
parameter are parameters for a normal read 
operation in which the information stored in 
the one non-volatile memory cell can be read 
out as output data of a plurality of bits, 


See again Figures 1 lc and 1 le of '344 
and the corresponding description beginning 
at column 26, lines 36-65, of '344. 


wherein the normal read operation 
includes parallel-comparing the parameter 
representing the threshold voltage of the one 
non- volatile memory cell with the plurality of 
reading reference parameters using a plurality 
of sense circuits including at least a first 
sense circuit, a second sense circuit and a 
third sense circuit, first input terminals of the 
first sense circuit, the second sense circuit 


Figure lie of '344 and column 26, 
lines 4-17 and 39-42. The sense circuits 
(SENSE AMPs) are commonly connected in 
parallel to the BIT LINE and receive the 
respective reference currents. 
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and the third sense circuit are commonly 
supplied with the parameter from the one 
non-volatile multi-level memory cell, a 
second input terminal of the first sense circuit 
is supplied with the first read reference 
parameter, a second input terminal of the 
second sense circuit is supplied with the 
second read reference parameter and a second 
input terminal of the third sense circuit is 
supplied with the third read reference 
parameter, 




wherein the first read reference 
parameter is allocated to represent a level 
between the threshold level indicating the 
erase state and the first threshold level, the 
second read reference parameter is allocated 
to represent a level between the first 
threshold level and the second threshold 
level, and the third read reference parameter 
is allocated to represent a level between the 
second threshold level and the third threshold 
level, and 


Figure 11c and column 26, lines 51- 
65, of ^344 and Figures 15A and 15B of the 
present application. 


wherein the level represented by the 
second read reference parameter is allocated 
substantially at a midpoint between the first 
threshold level and the second threshold 
level, and the level represented by the first 
read reference parameter is allocated toward 
the first threshold level from a midpoint 
between the threshold level indicating the 
erase state and the first threshold level. 


On "midpoint", see '344, column 26, 
line 63: "to place them closer to the 
midpoint". 
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108. A non- volatile semiconductor 
memory device according to claim 107, 

wherein an operation of shifting the 
one non-volatile memory cell threshold 
voltage to the threshold level indicating the 
selected programming state includes a 
program operation in which electrons are 
injected into the floating gate of the one non- 
volatile memory cell by applying at least one 
programming pulse to a bit line coupled to a 
drain of the one non- volatile memory cell. 


Figure lie of '344 (bit line and word 
line pulsing circuitry, waveforms) or Figure 
23, steps (4)-(6) of the present application. 


Claims 109 and 111 are, aside from a difference in dependence, the same as claim 98. 
Similarly, aside from a difference in dependence, claims 110 and 112 are the same as claim 
99. Consequently, support for these claims is provided above and will not be repeated. 


113. A non- volatile semiconductor 
memory device comprising: 


The exemplary embodiments are all 
non- volatile semiconductor memory devices. 


a plurality of non-volatile memory 
cells each of which has a floating gate and a 
threshold voltage representing data of at least 
two bits, wherein electrons are capable of 
being injected into the floating gate, and 
wherein threshold voltages of the plurality of 
non-volatile memory cells are shiftable 
among at least three threshold levels which 
indicate mutually different programming 
states and which also differ from a threshold 
level indicating an erase state; and 


Figures 12 and 22 of the present 
application and Figures 15a and 15b of '344. 
Figure 11c and column 26, lines 51-65, of 
'344 and Figures 15A and 15B of the present 
application. 


sensing/program-verifying circuitry 
receiving a parameter which represents the 


1440 of Figure 17B of the present 
application; Figure lie, lower left portion, 
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threshold voltage of one non- volatile memory 
cell, a first programming reference parameter, 
a first read reference parameter, a second 
programming reference parameter, a second 
read reference parameter, a third 
programming reference parameter and a third 
read reference parameter; 


and column 26, lines 51-65, of '344. 


wherein the first read reference 
parameter is allocated to represent a level 
between the threshold level indicating the 
erase state and a level represented by the first 
programming reference parameter, the second 
read reference parameter is allocated between 
the first programming reference parameter 
and the second programming reference 
parameter, and the third read reference 
parameter is allocated between the second 
programming reference parameter and the 
third programming reference parameter, 


Figure 11c and column 26, lines 51- 
65, of '344 and Figures 15A and 15B of the 
present application. 


wherein the sensing/program- 
verifying circuitry generates data of at least 
two bits represented by the one non-volatile 
memory cell threshold voltage, verifies 
whether the one non-volatile memory cell 
threshold voltage is shifted to the threshold 
level indicating a selected one of the 
programming states, and programs the one 
non-volatile memory cell until it is verified 
that the one non-volatile memory cell 
threshold voltage has been shifted to that 
threshold level, 


Figure 1 7B of the present application; 
Figure lie, lower left portion, and column 
26, lines 51-65, of '344. A program 
algorithm is shown in Figure 23 of the 
present application. 
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wherein the first programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a first threshold level 
of the three threshold levels, and the first read 
reference parameter is used for detecting 
whether non-volatile memory cell threshold 
voltages are near to the first threshold level or 
to the threshold level indicating the erase 
state, 


Figure 11c and column 26, lines 51- 
65, of ^344 and Figures 15A and 15B of the 
present application. 


wherein the second programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a second threshold 
level of the three threshold levels, and the 
second read reference parameter is used for 
detecting whether non-volatile memory cell 
threshold voltages are near to the second 
threshold level or to the first threshold level, 


Figure 11c and column 26, lines 51- 
65, of ^344 and Figures 15A and 15B of the 
present application. 


wherein the third programming 
reference parameter is used for verifying 
whether non-volatile memory cell threshold 
voltages are shifted to a third threshold level 
of the three threshold levels, and the third 
read reference parameter is used for detecting 
whether non-volatile memory cell threshold 
voltages are near to the third threshold level 
or to the second threshold level, 


Figure 11c and column 26, lines 51- 
65, of ^344 and Figures 15A and 15B of the 
present application. 


wherein the first read reference 
parameter, the second read reference 
parameter and the third read reference 


See again Figures 11c and lie of '344 
and the corresponding description beginning 
at column 26, lines 36-65, of "344. 
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parameter are parameters for a normal read 
operation in which the information stored in 
the one non- volatile memory cell can be read 
out as output data of a plurality of bits, 




wherein the normal read operation 
includes parallel-comparing the parameter 
representing the threshold voltage of the one 
non- volatile memory cell with the plurality of 
reading reference parameters using a plurality 
of sense circuits including at least a first 
sense circuit, a second sense circuit and a 
third sense circuit, first input terminals of the 
first sense circuit, the second sense circuit 
and the third sense circuit are commonly 
supplied with the parameter representing the 
threshold voltage of the one non-volatile 
memory cell, a second input terminal of the 
first sense circuit is supplied with the first 
read reference parameter, a second input 
terminal of the second sense circuit is 
supplied with the second read reference 
parameter and a second input terminal of the 
third sense circuit is supplied with the third 
read reference parameter, 


Figure lie of '344 and column 26, 
lines 4-17 and 39-42. The sense circuits 
(SENSE AMPs) are commonly connected in 
parallel to the BIT LINE and receive the 
respective reference currents. 


wherein the first read reference 
parameter is allocated to represent a level 
between the threshold level indicating the 
erase state and the first threshold level, the 
second read reference parameter is allocated 
to represent a level between the first 
threshold level and the second threshold 


Figure 11c and column 26, lines 51- 
65, of ^344 and Figures 15A and 15B of the 
present application. 
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level, and the third read reference parameter 
is allocated to represent a level between the 
second threshold level and the third threshold 
level, and 




wherein the level represented by the 
second read reference parameter is allocated 
substantially at a midpoint between the first 
threshold level and the second threshold 
level, and the level represented by the third 
read reference parameter is allocated toward 
the second threshold level from a midpoint 
between the second threshold level and the 
third threshold level. 


Figure lie of '344 (bit line and word 
line pulsing circuitry, waveforms) or Figure 
23, steps (4)-(6) of the present application. 


Claims 115 and 117 are, aside from a difference in dependence, the same as claim 
109. Similarly, aside from a difference in dependence, claims 116 and 118 are the same as 
claim 110 and claim 114 is the same as claim 108. Consequently, support for these claims is 
provided above and will not be repeated. 


119. A non- volatile semiconductor 
memory device . . . 


Claim 119 is the same as 113 except 
for middle part of last element. See claim 
113 above for the omitted elements. 


wherein the level represented by the 
second read reference parameter is allocated 
substantially at a midpoint between the first 
threshold level and the second threshold 
level, and the level represented by the first 
read reference parameter is allocated toward 
the first threshold level from a midpoint 
between the threshold level indicating the 
erase state and the first threshold level, and 


On "midpoint", see '344, column 26, 
line 63: "to place them closer to the 
midpoint" 
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the level represented by the third read 
reference parameter is allocated toward the 
second threshold level from a midpoint 
between the second threshold level and the 
third threshold level. 



Claims 121 and 123 are, aside from a difference in dependence, the same as claim 
109. Similarly, aside from a difference in dependence, claims 122 and 124 are the same as 
claim 110 and claim 120 is the same as claim 108. Consequently, support for these claims is 
provided above and will not be repeated. 

Based on the support provided above, it is respectfully submitted that a rejection of 
claims 63-77 and 80-106 under 35 U.S.C. 1 12, first paragraph, is not well founded and should 
be withdrawn. An early examination and allowance of the present application are solicited, 
and if there are any questions about the support provided above, a call to the undersigned is 
invited. 



Respectfully submitted, 



\\UVY 




Michael G. Cleveland 
Reg. No. 46,030 



PARSONS HSUE & DE RUNTZ LLP 
655 Montgomery Street 
Suite 1800 

San Francisco, CA 94111 

(415)318-1160 

(415) 693-0194 (Fax) 
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Appendix 



Pending Claims 

(Claims 1-62 have been cancelled.) 

63. For an electrically alterable non- volatile multi-level memory device including a 
plurality of non-volatile multi-level memory cells, each of the multi-level memory cells 
including a floating gate FET having a channel with electrically alterable voltage threshold 
value, the plurality of non-volatile multi-level memory cells being disposed in a matrix of 
rows and columns, channels of multi-level memory cells of a first group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a first bit line and a 
reference potential, channels of multi-level memory cells of a second group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a second bit line and 
the reference potential, electrons being capable of being injected into the floating gate from 
the channel of each of the plurality of non- volatile multi-level memory cell, electric currents 
flowing through the channels of the multi-level memory cells of the first group and electric 
currents flowing through the channels of the multi-level memory cells of the second group 
being substantially flowing in a same direction, a method of operating the electrically 
alterable non-volatile multi-level memory device, comprising: 

settling a parameter of at least one non-volatile multi-level memory cell of the 
plurality of non-volatile multi-level memory cells to one state selected from a plurality of 
states including at least a first state, a second state, a third state and a fourth state in response 
to information to be stored in the one non-volatile multi-level memory cell, 

verifying whether the parameter of the one non-volatile multi-level memory cell has 
being settled to the one state selected from the plurality of states by comparing the parameter 
of the one non-volatile multi-level memory cell with a plurality of verifying reference 
parameters including at least a first verifying reference parameter, a second verifying 
reference parameter, a third verifying reference parameter and a fourth verifying reference 
parameter, and of repeating the operation for settling the parameter and the operation for 
verifying until it is verified by the operation for verifying that the parameter of the one non- 
volatile multi-level memory cell has being settled to the one state, 
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reading status of the one non-volatile multi-level memory cell by comparing the 
parameter with a plurality of reading reference parameters including at least a first reading 
reference parameter, a second reading reference parameter and a third reading reference 
parameter, 

wherein a conductivity value of the one non-volatile multi-level memory cell is 
decreased in order of the first state, the second state, the third state and the fourth state, 

wherein the first reading reference parameter is allocated between the first state and 
the second state, the second reading reference parameter is allocated between the second state 
and the third state, and the third reading reference parameter is allocated between the third 
state and the fourth state, 

wherein the first reading reference parameter, the second reading reference parameter 
and the third reading reference parameter are parameters for a normal read operation in which 
the information stored in the one non-volatile multi-level memory cell can be read out by 
output data of a plurality of bits, 

wherein the normal read operation is carried out by parallel-comparing the parameter 
with the plurality of reading reference parameters by using a plurality of sense circuits 
including at least a first sense circuit, a second sense circuit and a third sense circuit, first 
input terminals of the first sense circuit, the second sense circuit and the third sense circuit are 
commonly supplied with the parameter from the one non-volatile multi-level memory cell, a 
second input terminal of the first sense circuit is supplied with the first reading reference 
parameter, a second input terminal of the second sense circuit is supplied with the second 
reading reference parameter and a second input terminal of the third sense circuit is supplied 
with the third reading reference parameter, and 

wherein the first verifying reference parameter is allocated below the first reading 
reference parameter, the second verifying reference parameter is allocated between the first 
reading reference parameter and the second reading reference parameter, the third verifying 
reference parameter is allocated between the second reading reference parameter and the third 
reading reference parameter and the fourth verifying reference parameter is allocated above 
the third reading reference parameter. 

64. The method of operating the electrically alterable non-volatile multi-level 
memory according to claim 63, wherein the operation for settling the parameter includes a 
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program operation in which electrons are injected into a floating gate of the one non- volatile 
multi-level memory cell. 

65. For an electrically alterable non- volatile multi-level memory device including a 
plurality of non-volatile multi-level memory cells, each of the multi-level memory cells 
including a floating gate FET having a channel with electrically alterable voltage threshold 
value, the plurality of non-volatile multi-level memory cells being disposed in a matrix of 
rows and columns, channels of multi-level memory cells of a first group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a first bit line and a 
reference potential, channels of multi-level memory cells of a second group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a second bit line and 
the reference potential, electrons being capable of being injected into the floating gate from 
the channel of each of the plurality of non-volatile multi-level memory cell, electric currents 
flowing through the channels of the multi-level memory cells of the first group and electric 
currents flowing through the channels of the multi-level memory cells of the second group 
being substantially flowing in a same direction, a method of operating the electrically 
alterable non- volatile multi-level memory device, comprising: 

controlling an electrical value of at least one non-volatile multi-level memory cell of 
the plurality of non-volatile multi-level memory cells to one state selected from a plurality of 
states including at least a first state, a second state, a third state and a fourth state in response 
to information to be stored in the one non-volatile multi-level memory cell, 

verifying whether the electrical value of the one non- volatile multi-level memory cell 
has being controlled to the one state selected from the plurality of states by comparing the 
electrical value of the one non-volatile multi-level memory cell with a plurality of verifying 
reference electrical values including at least a first verifying reference electrical value, a 
second verifying reference electrical value, a third verifying reference electrical value and a 
fourth verifying reference electrical value, and of repeating the operation for controlling the 
electrical value and the operation for verifying until it is verified by the operation for 
verifying that the electrical value of the one non-volatile multi-level memory cell has being 
controlled to the one state, 

reading status of the one non-volatile multi-level memory cell by comparing the 
electrical value with a plurality of reading reference electrical values including at least a first 
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reading reference electrical value, a second reading reference electrical value and a third 
reading reference electrical value, 

wherein a conductivity value of the one non-volatile multi-level memory cell is 
decreased in order of the first state, the second state, the third state and the fourth state, 

wherein the first reading reference electrical value is allocated between the first state 
and the second state, the second reading reference electrical value is allocated between the 
second state and the third state, and the third reading reference electrical value is allocated 
between the third state and the fourth state, 

wherein the first reading reference electrical value, the second reading reference 
electrical value and the third reading reference electrical value are electrical values for a 
normal read operation in which the information stored in the one non-volatile multi-level 
memory cell can be read out by output data of a plurality of bits, 

wherein the normal read operation is carried out by parallel-comparing the electrical 
value with the plurality of reading reference electrical values by using a plurality of sense 
circuits including at least a first sense circuit, a second sense circuit and a third sense circuit, 
first input terminals of the first sense circuit, the second sense circuit and the third sense 
circuit are commonly supplied with the electrical value from the one non-volatile multi-level 
memory cell, a second input terminal of the first sense circuit is supplied with the first reading 
reference electrical value, a second input terminal of the second sense circuit is supplied with 
the second reading reference electrical value and a second input terminal of the third sense 
circuit is supplied with the third reading reference electrical value, and 

wherein the first verifying reference electrical value is allocated below the first 
reading reference electrical value, the second verifying reference electrical value is allocated 
between the first reading reference electrical value and the second reading reference electrical 
value, the third verifying reference electrical value is allocated between the second reading 
reference electrical value and the third reading reference electrical value and the fourth 
verifying reference electrical value is allocated above the third reading reference electrical 
value. 

66. The method of operating the electrically alterable non-volatile multi-level 
memory according to claim 65, wherein the operation for controlling the electrical value 



SNDK.A06US5 



-37- 



Serial No.: 09/759,119 



includes a program operation in which electrons are injected into a floating gate of the one 
non- volatile multi-level memory cell. 

67. An electrically alterable non-volatile multi-level memory device including a 
plurality of non-volatile multi-level memory cells, each of the multi-level memory cells 
including a floating gate FET having a channel with electrically alterable voltage threshold 
value, the plurality of non-volatile multi-level memory cells being disposed in a matrix of 
rows and columns, channels of multi-level memory cells of a first group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a first bit line and a 
reference potential, channels of multi-level memory cells of a second group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a second bit line and 
the reference potential, electrons being capable of being injected into the floating gate from 
the channel of each of the plurality of non-volatile multi-level memory cell, electric currents 
flowing through the channels of the multi-level memory cells of the first group and electric 
currents flowing through the channels of the multi-level memory cells of the second group 
being substantially flowing in a same direction: 

wherein an operation for settling a parameter of at least one non-volatile multi-level 
memory cell of the plurality of non-volatile multi-level memory cells to one state selected 
from a plurality of states including at least a first state, a second state, a third state and a 
fourth state is carried out in response to information to be stored in the one non- volatile multi- 
level memory cell, 

wherein an operation of verifying whether the parameter of the one non-volatile multi- 
level memory cell has being settled to the one state selected from the plurality of states is 
carried out by comparing the parameter of the one non-volatile multi-level memory cell with a 
plurality of verifying reference parameters including at least a first verifying reference 
parameter, a second verifying reference parameter, a third verifying reference parameter and a 
fourth verifying reference parameter is carried out, and repeating the operation for settling the 
parameter and the operation for verifying are carried out until it is verified by the operation 
for verifying that the parameter of the one non-volatile multi-level memory cell has being 
settled to the one state, 

wherein an operation of reading status of the one non-volatile multi-level memory cell 
is carried out by comparing the parameter with a plurality of reading reference parameters 
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including at least a first reading reference parameter, a second reading reference parameter 
and a third reading reference parameter, 

wherein a conductivity value of the one non-volatile multi-level memory cell is 
decreased in order of the first state, the second state, the third state and the fourth state, 

wherein the first reading reference parameter is allocated between the first state and 
the second state, the second reading reference parameter is allocated between the second state 
and the third state, and the third reading reference parameter is allocated between the third 
state and the fourth state, 

wherein the first reading reference parameter, the second reading reference parameter 
and the third reading reference parameter are parameters for a normal read operation in which 
the information stored in the one non-volatile multi-level memory cell can be read out by 
output data of a plurality of bits, 

wherein the normal read operation is carried out by parallel-comparing the parameter 
with the plurality of reading reference parameters by using a plurality of sense circuits 
including at least a first sense circuit, a second sense circuit and a third sense circuit, first 
input terminals of the first sense circuit, the second sense circuit and the third sense circuit are 
commonly supplied with the parameter from the one non-volatile multi-level memory cell, a 
second input terminal of the first sense circuit is supplied with the first reading reference 
parameter, a second input terminal of the second sense circuit is supplied with the second 
reading reference parameter and a second input terminal of the third sense circuit is supplied 
with the third reading reference parameter, and 

wherein the first verifying reference parameter is allocated below the first reading 
reference parameter, the second verifying reference parameter is allocated between the first 
reading reference parameter and the second reading reference parameter, the third verifying 
reference parameter is allocated between the second reading reference parameter and the third 
reading reference parameter and the fourth verifying reference parameter is allocated above 
the third reading reference parameter. 

68. The electrically alterable non-volatile multi-level memory according to claim 67, 
wherein the operation for settling the parameter includes a program operation in which 
electrons are injected into a floating gate of the one non-volatile multi-level memory cell. 
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69. The electrically alterable non-volatile multi-level memory according to claim 68, 
further comprising, a plurality of bit lines, including said first and said second bit line, each of 
which transfers information indicating data stored in a memory cell, wherein drain regions of 
said multi-level memory cells of said first group in said matrix are coupled to said first bit line 
of said plurality of bit lines, drain regions of said multi-level memory cells of said second 
group adjoining to said first group in said matrix are coupled to said second bit line adjoining 
to said first bit line in said plurality of bit lines and drain regions of multi-level memory cells 
of a third group adjoining to said second column in said matrix are coupled to a third bit line 
adjoining to said second bit line in said plurality of bit lines 

70. An electrically alterable non-volatile multi-level memory device including a 
plurality of non-volatile multi-level memory cells, each of the multi-level memory cells 
including a floating gate FET having a channel with electrically alterable voltage threshold 
value, the plurality of non-volatile multi-level memory cells being disposed in a matrix of 
rows and columns, channels of multi-level memory cells of a first group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a first bit line and a 
reference potential, channels of multi-level memory cells of a second group of the plurality of 
non-volatile multi-level memory cells being coupled in parallel between a second bit line and 
the reference potential, electrons being capable of being injected into the floating gate from 
the channel of each of the plurality of non- volatile multi-level memory cell, electric currents 
flowing through the channels of the multi-level memory cells of the first group and electric 
currents flowing through the channels of the multi-level memory cells of the second group 
being substantially flowing in a same direction: 

wherein an operation for controlling an electrical value of at least one non-volatile 
multi-level memory cell of the plurality of non-volatile multi-level memory cells to one state 
selected from a plurality of states including at least a first state, a second state, a third state 
and a fourth state is carried out in response to information to be stored in the one non-volatile 
multi-level memory cell, 

wherein an operation for verifying whether the electrical value of the one non- volatile 
multi-level memory cell has being controlled to the one state selected from the plurality of 
states is carried out by comparing the electrical value of the one non-volatile multi-level 
memory cell with a plurality of verifying reference electrical values including at least a first 
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verifying reference electrical value, a second verifying reference electrical value is carried 
out, a third verifying reference electrical value and a fourth verifying reference electrical 
value, and repeating the operation for controlling the electrical value and the operation for 
verifying are carried out until it is verified by the operation for verifying that the electrical 
value of the one non-volatile multi-level memory cell has being controlled to the one state, 

wherein an operation for reading status of the one non-volatile multi-level memory 
cell is carried out by comparing the electrical value with a plurality of reading reference 
electrical values including at least a first reading reference electrical value, a second reading 
reference electrical value and a third reading reference electrical value, 

wherein a conductivity value of the one non-volatile multi-level memory cell is 
decreased in order of the first state, the second state, the third state and the fourth state, 

wherein the first reading reference electrical value is allocated between the first state 
and the second state, the second reading reference electrical value is allocated between the 
second state and the third state, and the third reading reference electrical value is allocated 
between the third state and the fourth state, 

wherein the first reading reference electrical value, the second reading reference 
electrical value and the third reading reference electrical value are electrical values for a 
normal read operation in which the information stored in the one non-volatile multi-level 
memory cell can be read out by output data of a plurality of bits, 

wherein the normal read operation is carried out by parallel-comparing the electrical 
value with the plurality of reading reference electrical values by using a plurality of sense 
circuits including at least a first sense circuit, a second sense circuit and a third sense circuit, 
first input terminals of the first sense circuit, the second sense circuit and the third sense 
circuit are commonly supplied with the electrical value from the one non-volatile multi-level 
memory cell, a second input terminal of the first sense circuit is supplied with the first reading 
reference electrical value, a second input terminal of the second sense circuit is supplied with 
the second reading reference electrical value and a second input terminal of the third sense 
circuit is supplied with the third reading reference electrical value, and 

wherein the first verifying reference electrical value is allocated below the first 
reading reference electrical value, the second verifying reference electrical value is allocated 
between the first reading reference electrical value and the second reading reference electrical 
value, the third verifying reference electrical value is allocated between the second reading 
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reference electrical value and the third reading reference electrical value and the fourth 
verifying reference electrical value is allocated above the third reading reference electrical 
value. 

71. The electrically alterable non- volatile multi-level memory according to claim 70, 
wherein the operation for controlling the electrical value includes a program operation in 
which electrons are injected into a floating gate of the one non- volatile multi-level memory 
cell. 

72. The electrically alterable non- volatile multi-level memory according to claim 71, 
further comprising, a plurality of bit lines, including said first and said second bit line, each of 
which transfers information indicating data stored in a memory cell, wherein drain regions of 
said multi-level memory cells of said first group in said matrix are coupled to said first bit line 
of said plurality of bit lines, drain regions of said multi-level memory cells of said second 
group adjoining to said first group in said matrix are coupled to said second bit line adjoining 
to said first bit line in said plurality of bit lines and drain regions of multi-level memory cells 
of a third group adjoining to said second column in said matrix are coupled to a third bit line 
adjoining to said second bit line in said plurality of bit lines. 

73. An electrically non- volatile multi-level memory device comprising: 
a plurality of memory cells disposed in matrix having rows and columns, 

wherein each of said plurality of memory cells has a threshold voltage corresponding 
to data of two bits, 

wherein threshold voltages of said plurality of memory cells are allocated to one of a 
; first, a second, a third and a fourth threshold range, 

wherein said first threshold range indicates an erase state, and said second, said third, 
said fourth threshold range indicate program states different from said erase state, 

wherein said second, said third and said fourth threshold range indicate mutually 
different programming states, 

wherein a threshold voltage of a memory cell selected from said plurality of memory 
cells is allocated in one of said first, said second and said third threshold range, and 
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wherein control gates of memory cells on the same row in said matrix are coupled to a 
word line of a plurality of word lines, 

a plurality of bit lines each of which transfers information indicating data stored in a 
memory cell, wherein drain regions of memory cells on a first column in said matrix are 
coupled to a first bit line of said plurality of bit lines, drain regions of memory cells on a 
second column adjoining to said first column in said matrix are coupled to a second bit line 
adjoining to said first bit line in said plurality of bit lines and drain regions of memory cells 
on a third column adjoining to said second column in said matrix are coupled to a third bit 
line adjoining to said second bit line in said plurality of bit lines, 

a programming circuit programming ones of said plurality of memory cells to said 
programming states by using verify reference parameters, 

a sense circuit which compares information indicating data stored in a memory cell 
with a first reference parameter, a second reference parameter and a third reference parameter 
in parallel, in a normal read operation, 

wherein said first threshold range is lower than said second threshold range, said 
second threshold range is lower than said third threshold range, and said third threshold range 
is lower than said fourth threshold range, 

wherein said third reference parameter is higher than said second reference parameter, 
and said second reference parameter is higher than said first reference parameter, 

wherein said verify reference parameters have at least first and second verify reference 
parameters, 

wherein said first verify reference parameter is allocated between said second 
threshold range and said third threshold range, and said second verify reference parameter is 
allocated between said first threshold range and said second threshold range, and 

wherein said first verify reference parameter is settled between said second reference 
parameter and said third reference parameter, and said second verify reference parameter is 
settled between said first reference parameter and said second reference parameter. 

74. An electrically non-volatile multi-level memory device according to claim 73, 
wherein each of said plurality of memory cells has a floating gate, and a threshold voltage of a 
selected memory cell is allocated to one of said first, said second and said third threshold 
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range from said fourth threshold range by being injected with hot electron to a floating gate of 
said selected memory cell. 

75. An electrically non- volatile multi-level memory device according to claim 74, 
further comprising, 

a column select circuit which receives column addresses, and which couples selected 
bit lines to said sense circuits. 

76. An electrically non-volatile multi-level memory device according to claim 75, 
wherein each of said sense circuits has a first comparator which receives said information and 
said first reference parameter, a second comparator which receives said information and said 
second reference parameter and a third comparator which receives said information and said 
third reference parameter. 

77. An electrically non-volatile multi-level memory device according to claim 75, 
wherein each of said plurality of memory cells has a source region to which is supplied with a 
reference potential in said read operation. 

(Claims 78 and 79 have been cancelled.) 

80. For an electrically alterable non-volatile multi-level semiconductor 
memory device including a plurality of non-volatile multi-level memory cells, each of the 
multi-level memory cells including a floating gate FET having a channel with electrically 
alterable voltage threshold value, the plurality of non-volatile multi-level memory cells being 
disposed in a matrix of rows and columns, channels of multi-level memory cells of a group of 
the plurality of non-volatile multi-level memory cells being coupled in parallel between a bit 
line and a reference potential, electrons being capable of being injected into the floating gate 
from the channel in each of the plurality of non-volatile multi-level memory cells, a method 
of operating the electrically alterable non-volatile multi-level semiconductor memory device, 
comprising: 

setting a parameter of at least one non-volatile multi-level memory cell of the 
plurality of non-volatile multi-level memory cells to a state selected from a plurality of states 
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including at least a first state, a second state, a third state and a fourth state in response to 
information to be stored in the one non-volatile multi-level memory cell, 

when one of the first third states is selected, verifying whether the parameter of 
the one non-volatile multi-level memory cell has been set to the one state, including 
comparing the parameter of the one non-volatile multi-level memory cell with one of a 
plurality of verifying reference parameters including at least a first verifying reference 
parameter, a second verifying reference parameter and a third verifying reference parameter, 
the operation of setting the parameter being conducted until it is verified by the operation of 
verifying that the parameter of the one non-volatile multi-level memory cell has been set to 
the one state, 

reading status of the one non-volatile multi-level memory cell, including 
comparing the parameter of the one non-volatile multi-level memory cell, with a plurality of 
reading reference parameters including at least a first reading reference parameter, a second 
reading reference parameter and a third reading reference parameter, 

wherein a conductivity value of the one non-volatile multi-level memory cell is 
increased in order of the first state, the second state, the third state and the fourth state, 

wherein the first reading reference parameter is allocated between the first state 
and the second state, the second reading reference parameter is allocated between the second 
state and the third state, and the third reading reference parameter is allocated between the 
third state and the fourth state, 

wherein the first reading reference parameter, the second reading reference 
parameter and the third reading reference parameter are parameters for a normal read 
operation in which the information stored in the one non- volatile multi-level memory cell can 
be read out as output data of a plurality of bits, 

wherein the normal read operation includes parallel-comparing the parameter 
of the one non-volatile multi-level memory cell with the plurality of reading reference 
parameters using a plurality of sense circuits including at least a first sense circuit, a second 
sense circuit and a third sense circuit, first input terminals of the first sense circuit, the second 
sense circuit and the third sense circuit are commonly supplied with the parameter of the one 
non-volatile multi-level memory cell, a second input terminal of the first sense circuit is 
supplied with the first reading reference parameter, a second inpirt terminal of the second 
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sense circuit is supplied with the second reading reference parameter and a second input 
terminal of the third sense circuit is supplied with the third reading reference parameter, 

wherein the first verifying reference parameter is allocated above the first 
reading reference parameter, the second verifying reference parameter is allocated between 
the first reading reference parameter and the second reading reference parameter and the third 
verifying reference parameter is allocated between the second reading reference parameter 
and the third reading reference parameter, and 

wherein the plurality of non- volatile multi-level memory cells of the matrix of 
the rows and the columns are disposed in substantially a rectangle that has a first side, a 
second side, a third side and a fourth side, the first side and the second side intersect with each 
other substantially perpendicularly, a plurality of word lines coupled with gate electrodes of 
floating gate FET's of the multi-level memory cells and the first side of the rectangle intersect 
with each other substantially perpendicularly, a plurality of bit lines coupled with drains of 
floating gate FETs of the multi-level memory cells and the second side of the rectangle 
intersect with each other substantially perpendicularly, a row select circuit is disposed at the 
first side of the rectangle for coupling with the plurality of word lines, and peripheral 
circuitry, including a column select circuit, sense circuits, a data conversion circuit and 
latches, is disposed at the second side of the rectangle. 

81. The method of operating the electrically alterable non- volatile multi-level 
memory according to claim 80, 

wherein the operation of setting the parameter includes an erasure operation in 
which non- volatile multi-level memory cells of one of a byte, a block and a chip level can be 
erased. 

82. The method of operating the electrically alterable non- volatile multi-level 
memory according to claim 81, 

wherein the operation of setting the parameter includes a program operation in 
which electrons are injected into a floating gate of the one non-volatile multi-level memory 
cell. 
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83. For an electrically alterable non- volatile multi-level semiconductor 
memory device including a plurality of non-volatile multi-level memory cells, each of the 
multi-level memory cells including a floating gate FET having a channel with electrically 
alterable voltage threshold value, the plurality of non-volatile multi-level memory cells being 
disposed in a matrix of rows and columns, channels of multi-level memory cells of a group of 
the plurality of non-volatile multi-level memory cells being coupled in parallel between a bit 
line and a reference potential, electrons being capable of being injected into the floating gate 
from the channel in each of the plurality of non-volatile multi-level memory cells, a method 
of operating the electrically alterable non-volatile multi-level semiconductor memory device, 
comprising: 

controlling an electrical value of at least one non-volatile multi-level memory 
cell of the plurality of non- volatile multi-level memory cells to a state selected from a 
plurality of states including at least a first state, a second state, a third state and a fourth state 
in response to information to be stored in the one non- volatile multi-level memory cell, 

when one of the first to third states is selected, verifying whether the electrical 
value of the one non-volatile multi-level memory cell has been controlled to the one state, 
including comparing the electrical value of the one non- volatile multi-level memory cell with 
one of a plurality of verifying reference electrical values including at least a first verifying 
reference electrical value, a second verifying reference electrical value and a third verifying 

I reference electrical value, the operation of controlling the electrical value being conducted 
until it is verified by the operation of verifying that the electrical value of the one non-volatile 
multi-level memory cell has been controlled to the one state, 

reading status of the one non-volatile multi-level memory cell, including 
comparing the electrical value of the one non- volatile multi-level memory cell with a plurality 
of reading reference electrical values including at least a first reading reference electrical 
value, a second reading reference electrical value and a third reading reference electrical 
value, 

wherein a conductivity value of the one non-volatile multi-level memory cell is 
increased in order of the first state, the second state, the third state and the fourth state, 

wherein the first reading reference electrical value is allocated between the first 
state and the second state, the second reading reference electrical value is allocated between 



SNDK.A06US5 



-47- 



Serial No.: 09/759,119 



the second state and the third state, and the third reading reference electrical value is allocated 
between the third state and the fourth state, 

wherein the first reading reference electrical value, the second reading 
reference electrical value and the third reading reference electrical value are electrical values 
for a normal read operation in which the information stored in the one non-volatile multi-level 
memory cell can be read out as output data of a plurality of bits, 

wherein the normal read operation includes parallel-comparing the electrical 
value of the one non-volatile multi-level memory cell with the plurality of reading reference 
electrical values using a plurality of sense circuits including at least a first sense circuit, a 
second sense circuit and a third sense circuit, first input terminals of the first sense circuit, the 
second sense circuit and the third sense circuit are commonly supplied with the electrical 
value from the one non- volatile multi-level memory, cell, a second input terminal of the first 
sense circuit is supplied with the first reading reference electrical value, a second input 
terminal of the second sense circuit is supplied with the second reading reference electrical 
value and a second input terminal of the third sense circuit is supplied with the third reading 
reference electrical value, 

wherein the first verifying reference electrical value is allocated above the first 
reading reference electrical value, the second verifying reference electrical value is allocated 
between the first reading reference electrical value and the second reading reference electrical 
value and the third verifying reference electrical value is allocated between the second reading 
reference electrical value and the third reading reference electrical value, and 

wherein the plurality of non-volatile multi-level memory cells of the matrix of 
the rows and the columns are disposed in substantially a rectangle that has a first side, a 
second side, a third side and a fourth side, the first side and the second side intersect with each 
other substantially perpendicularly, a plurality of word lines coupled with gate electrodes of 
floating gate FET's of the multi-level memory cells and the first side of the rectangle intersect 
with each other substantially perpendicularly, a plurality of bit lines coupled with drains of 
floating gate FET's of the multi-level memory cells and the second side of the rectangle 
intersect with each other substantially perpendicularly, a row select circuit is disposed at the 
first side of the rectangle for coupling with the plurality of word lines, and peripheral 
circuitry, including a column select circuit, sense circuits, a data conversion circuit and 
latches, is disposed at the second side of the rectangle. 
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84. The method of operating the electrically alterable non-volatile multi-level 
memory according to claim 83, 

wherein the operation of controlling the electrical value includes an erasure 
operation in which non-volatile multi-level memory cells of one of a byte, a block and a chip 
level can be erased. 

85. The method of operating the electrically alterable non-volatile multi-level 
memory according to claim 84, 

wherein the operation of controlling the electrical value includes a program 
operation in which electrons are injected into a floating gate of the one non-volatile multi- 
level memory cell. 

86. An electrically alterable non-volatile multi-level semiconductor memory 
device including a plurality of non- volatile multi-level memory cells, each of the multi-level 
memory cells including a floating gate FET having a channel with electrically alterable 
voltage threshold value, the plurality of non-volatile multi-level memory cells being disposed 
in a matrix of rows and columns, channels of multi-level memory cells of a group of the 
plurality of non-volatile multi-level memory cells being coupled in parallel between a bit line 
and a reference potential, electrons being capable of being injected into the floating gate from 
the channel in each of the plurality of non- volatile multi-level memory cells, 

wherein an operation of setting a parameter of at least one non-volatile multi- 
level memory cell of the plurality of non-volatile multi-level memory cells to a state selected 
from a plurality of states including at least a first state, a second state, a third state and a 
fourth state is carried out in response to information to be stored in the one non-volatile multi- 
level memory cell, 

wherein, when one of the first to third states is selected, an operation of 
verifying whether the parameter of the one non-volatile multi-level memory cell has been set 
to the one state is carried out and includes comparing the parameter of the one non-volatile 
multi-level memory cell with one of a plurality of verifying reference parameters including at 
least a first verifying reference parameter, a second verifying reference parameter and a third 
verifying reference parameter, and the operation of setting the parameter is conducted until it 
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is verified by the operation of verifying that the parameter of the one non- volatile multi-level 
memory cell has been set to the one state, 

wherein an operation of reading status of the one non-volatile multi-level 
memory cell is carried out and includes comparing the parameter of the one non-volatile 
multi-level memory cell with a plurality of reading reference parameters including at least a 
first reading reference parameter, a second reading reference parameter and a third reading 
reference parameter, 

wherein a conductivity value of the one non- volatile multi-level memory cell 
is increased in order of the first state, the second state, the third state and the fourth state, 

wherein the first reading reference parameter is allocated between the first state 
and the second state, the second reading reference parameter is allocated between the second 
state and the third state, and the third reading reference parameter is allocated between the 
third state and the fourth state, 

wherein the first reading reference parameter, the second reading reference 
parameter and the third reading reference parameter are parameters for a normal read 
operation in which the information stored in the one non- volatile multi-level memory cell can 
be read out as output data of a plurality of bits, 

wherein the normal read operation includes parallel-comparing the parameter 
of the none non-volatile multi-level memory cell with the plurality of reading reference 
parameters using a plurality of sense circuits including at least a first sense circuit, a second 
sense circuit and a third sense circuit, first input terminals of the first sense circuit, the second 
sense circuit and the third sense circuit are commonly supplied with the parameter of the one 
non-volatile multi-level memory cell, a second input terminal of the first sense circuit is 
supplied with the first reading reference parameter, a second input terminal of the second 
sense circuit is supplied with the second reading reference parameter and a second input 
terminal of the third sense circuit is supplied with the third reading reference parameter, 

wherein the first verifying reference parameter is allocated above the first 
reading reference parameter, the second verifying reference parameter is allocated between 
the first reading reference parameter and the second reading reference parameter and the third 
verifying reference parameter is allocated between the second reading reference parameter 
and the third reading reference parameter, and 
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wherein the plurality of non- volatile multi-level memory cells of the matrix of 
the rows and the columns are disposed in substantially a rectangle that has a first side, a 
second side, a third side and a fourth side, the first side and the second side intersect with each 
other substantially perpendicularly, a plurality of word lines coupled with gate electrodes of 
floating gate FET's of the multi-level memory cells and the first side of the rectangle intersect 
with each other substantially perpendicularly, a plurality of bit lines coupled with drains of 
floating gate FET's of the multi-level memory cells and the second side of the rectangle 
intersect with each other substantially perpendicularly, a row select circuit is disposed at the 
first side of the rectangle for coupling with the plurality of word lines, and peripheral 
circuitry, including a column select circuit, sense circuits, a data conversion circuit and 
latches, is disposed at the second side of the rectangle. 

87. The electrically alterable non- volatile multi-level memory according to 

claim 86, 

wherein the operation of setting the parameter includes an erasure operation in 
which non- volatile multi-level memory cells of one of a byte, a block and a chip level can be 
erased. 

88. The electrically alterable non- volatile multi-level memory according to 

claim 87, 

wherein each of the operation of setting the parameter includes a program 
operation in which electrons are injected into a floating gate of the one non- volatile multi- 
level memory cell. 

89. The electrically alterable non-volatile multi-level memory according to 

claim 88, 

wherein each of the plurality of bit lines transfers information indicating data 
stored in a memory cell, wherein drain regions of said multi-level memory cells of said group 
in said matrix are coupled to a first bit line of said plurality of bit lines, drain regions of multi- 
level memory cells of a second group adjacent to said group in said matrix are coupled to a 
second bit line adjacent to said first bit line in said plurality of bit lines and drain regions of 
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multi-level memory cells of a third group adjacent to said second group in said matrix are 
coupled to a third bit line adjacent to said second bit line in said plurality of bit lines. 

90. An electrically alterable non-volatile multi-level semiconductor memory 
device including a plurality of non-volatile multi-level memory cells, each of the multi-level 
memory cells including a floating gate FET having a channel with electrically alterable 
voltage threshold value, the plurality of non- volatile multi-level memory cells being disposed 
in a matrix of rows and columns, channels of multi-level memory cells of a group of the 
plurality of non-volatile multi-level memory cells being coupled in parallel between a bit line 
and a reference potential, electrons being capable of being injected into the floating gate from 
the channel in each of the plurality of non-volatile multi-level memory cells, 

wherein an operation of controlling an electrical value of at least one non- 
volatile multi-level memory cell of the plurality of non-volatile multi-level memory cells to a 
state selected from a plurality of states including at least a first state, a second state, a third 
state and a fourth state is carried out in response to information to be stored in the one non- 
volatile multi-level memory cell, 

wherein, when one of the first to third states is selected, an operation of 
verifying whether the electrical value of the one non-volatile multi-level memory cell has 
been controlled to the one state is carried out and includes comparing the electrical value of 
the one non-volatile multi-level memory cell with one of a plurality of verifying reference 
electrical values including at least a first verifying reference electrical value, a second 
verifying reference electrical value and a third verifying reference electrical value, and the 
operation of controlling the electrical value is conducted until it is verified by the operation of 
verifying that the electrical value of the one non-volatile multi-level memory cell has been 
controlled to the one state, 

wherein an operation of reading status of the one non-volatile multi-level 
memory cell is carried out and includes comparing the electrical value of the one non-volatile 
multi-level memory cell with a plurality of reading reference electrical values including at 
least a first reading reference electrical value, a second reading reference electrical value and 
a third reading reference electrical value, 

wherein a conductivity value of the one non-volatile multi-level memory cell is 
increased in order of the first state, the second state, the third state and the fourth state, 
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wherein the first reading reference electrical value is allocated between the first 
state and the second state, the second reading reference electrical value is allocated between 
the second state and the third state, and the third reading reference electrical value is allocated 
between the third state and the fourth state, 

wherein the first reading reference electrical value, the second reading 
reference electrical value and the third reading reference electrical value are electrical values 
for a normal read operation in which the information stored in the one non-volatile multi-level 
memory cell can be read out as output data of a plurality of bits, 

wherein the normal read operation includes parallel-comparing the electrical 
value of the one non-volatile multi-level memory cell with the plurality of reading reference 
electrical values using a plurality of sense circuits including at least a first sense circuit, a 
second sense circuit and a third sense circuit, first input terminals of the first sense circuit, the 
second sense circuit and the third sense circuit are commonly supplied with the electrical 
value of the one non-volatile multi-level memory cell, a second input terminal of the first 
sense circuit is supplied with the first reading reference electrical value, a second input 
terminal of the second sense circuit is supplied with the second reading reference electrical 
value and a second input terminal of the third sense circuit is supplied with the third reading 

reference electrical value, 

wherein the first verifying reference electrical value is allocated above the first 
reading reference electrical value, the second verifying reference electrical value is allocated 
between the first reading reference electrical value and the second reading reference electrical 
value and the third verifying reference electrical value is allocated between the second reading 
reference electrical value and the third reading reference electrical value, and 

wherein the plurality of non- volatile multi-level memory cells of the matrix of 
the rows and the columns are disposed in substantially a rectangle that has a first side, a 

i second side, a third side and a fourth side, the first side and the second side intersect with each 
other substantially perpendicularly, a plurality of word lines coupled with gate electrodes of 
floating gate FET's of the multi-level memory cells and the first side of the rectangle intersect 
with each other substantially perpendicularly, a plurality of bit lines coupled with drains of 
floating gate FET's of the multi-level memory cells and the second side of the rectangle 
intersect with each other substantially perpendicularly, a row select circuit is disposed at the 
first side of the rectangle for coupling with the plurality of word lines, and peripheral 
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circuitry, including a column select circuit, sense circuits, a data conversion circuit and 
latches, is disposed at the second side of the rectangle. 

91. The electrically alterable non-volatile multi-level memory according to 

claim 90, 

wherein the operation of controlling the electrical value includes an erasure 
operation in which non-volatile multi-level memory cells of one of a byte, a block and a chip 
level can be erased. 

92. The electrically alterable non- volatile multi-level memory according to 

claim 91, 

wherein the operation of controlling the electrical value includes a program 
operation in which electrons are injected into a floating gate of the one non- volatile multi- 
level memory cell. 

93. The electrically alterable non- volatile multi-level memory according to 

claim 92, 

wherein each of the plurality of bit lines transfers information indicating data stored in 
a memory cell, wherein drain regions of said multi-level memory cells of said group in said 
matrix are coupled to a first bit line of said plurality of bit lines, drain regions of said multi- 
level memory cells of a second group adjacent to said group in said matrix are coupled to a 
second bit line adjacent to said first bit line in said plurality of bit lines and drain regions of 
multi-level memory cells of a third group adjacent to said second group in said matrix are 
coupled to a third bit line adjacent to said second bit line in said plurality of bit lines. 

94. A non-volatile semiconductor memory device comprising: 

a plurality of non-volatile memory cells each of which has a threshold voltage 
representing data of at least two bits, wherein threshold voltages of the plurality of non- 
volatile memory cells are shiftable among at least three threshold levels which indicate 
mutually different programming states and which also differ from a threshold level indicating 
an erase state; 
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parameter generating circuitry generating a first programming reference 
parameter, a first read reference parameter, a second programming reference parameter, a 
second read reference parameter, a third programming reference parameter and a third read 
reference parameter; and 

sensing/program-verifying circuitry receiving a parameter which represents 
threshold voltage of one non-volatile memory cell, the first programming reference parameter, 
the first read reference parameter, the second programming reference parameter, the second 
read reference parameter, the third programming reference parameter and the third read 
reference parameter; 

wherein the first read reference parameter is allocated between a level 
corresponding to the erase state and the first programming reference parameter, the second 
read reference parameter is allocated between the first programming reference parameter and 
the second programming reference parameter, and the third read reference parameter is 
allocated between the second programming reference parameter and the third programming 
reference parameter, 

wherein the sensing/program-verifying circuitry generates data of at least two 
bits represented by the one non-volatile memory cell threshold voltage, verifies whether the 
one non-volatile memory cell threshold voltage is shifted to the threshold level indicating a 
selected one of the programming states, and programs the one non- volatile memory cell until 
it is verified that the one non-volatile memory cell threshold voltage has been shifted to that 
threshold level, 

wherein the first programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a first threshold level of 
the three threshold levels, the first read reference parameter is used for detecting whether non- 
volatile memory cell threshold voltages are near to the first threshold level or to the threshold 
level indicating the erase state, and one of the first programming reference parameter and the 
first read reference parameter is shifted from and dependent upon the other, 

wherein the second programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a second threshold level of 
the three threshold levels, the second read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the second threshold level or to the 
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first threshold level, and one of the second programming reference parameter and the second 
read reference parameter is shifted from and dependent upon the other, and 

wherein the third programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a third threshold level of 
the three threshold levels, the third read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the third threshold level or to the 
second threshold level, and one of the third programming reference parameter and the third 
read reference parameter is shifted from and dependent upon the other. 

95. A non- volatile semiconductor memory device according to claim 94, 
wherein the parameter generating circuitry includes a first parameter 

generating circuit which generates the first programming reference parameter and the first 
read reference parameter, a second parameter generating circuit which generates the second 
programming reference parameter and the second read reference parameter, and a third 
parameter generating circuit which generates the third programming reference parameter and 
the third read reference parameter, and 

wherein each of the first parameter generating circuit, the second parameter 
generating circuit and the third parameter generating circuit includes an element causing the 
corresponding one reference parameter and the corresponding other reference parameter to 
have different values. 

96. A non-volatile semiconductor memory device according to claim 95, 
wherein each of the first parameter generating circuit, the second parameter 

generating circuit and the third parameter generating circuit further includes a reference cell 
which has substantially the same construction as each of said plurality of memory cells, and 
the reference cell and the element of each parameter generating circuit cooperate to provide a 
predetermined difference between the corresponding read and programming reference 
parameters. 

97. A non-volatile semiconductor memory device according to claim 94, 
wherein each read reference parameter is dependent upon the corresponding 

programming reference parameter. 

SNDK.A06US5 Serial No.: 09/759,1 19 

-56- 



98. A non-volatile semiconductor memory device according to claim 94, 
wherein a conductivity value of the one non- volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 

wherein threshold voltages of non-volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 

99. A non-volatile semiconductor memory device according to claim 98, 
wherein each of the plurality of non- volatile memory cells has a floating gate 

to which electrons are capable of being injected from a channel. 

100. A non-volatile semiconductor memory device according to claim 95, 
wherein a conductivity value of the one non- volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 

wherein threshold voltages of non- volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 

101. (Currently Amended) A non-volatile semiconductor memory device 
according to claim 1 00, 

wherein each of the plurality of non-volatile memory cells has a floating gate 
to which electrons are capable of being injected from a channel by hot electron injection. 

102. A non- volatile semiconductor memory device according to claim 96, 
wherein a conductivity value of the one non-volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 
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wherein threshold voltages of non-volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 



103. A non- volatile semiconductor memory device according to claim 102, 
wherein each of the plurality of non- volatile memory cells has a floating gate 
to which electrons are capable of being injected from a channel. 



104. A non- volatile semiconductor memory device according to claim 5, 
wherein a conductivity value of the one non- volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 

threshold level and the third threshold level, and 

wherein threshold voltages of non-volatile memory cells of one of a byte, a 

block and a chip level can be shifted to the threshold level indicating the erase state by an 

erase operation. 



105. A non- volatile semiconductor memory device according to claim 104, 
wherein each of the plurality of non-volatile memory cells has a floating gate 

to which electrons are capable of being injected from a channel. 

106. A non-volatile semiconductor memory device according to claim 94, 
wherein the first, second and third read reference parameters are dependent 

upon the first, second and third programming reference parameters, respectively. 

107. A non- volatile semiconductor memory device comprising: 

a plurality of non- volatile memory cells each of which has a floating gate and a 
threshold voltage representing data of at least two bits, wherein electrons are capable of being 
injected into the floating gate, and wherein threshold voltages of the plurality of non-volatile 
memory cells are shiftable among at least three threshold levels which indicate mutually 
different programming states and which also differ from a threshold level indicating an erase 
state; and 
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sensing/program-verifying circuitry receiving a parameter which represents the 
threshold voltage of one non-volatile memory cell, a first programming reference parameter, 
a first read reference parameter, a second programming reference parameter, a second read 
reference parameter, a third programming reference parameter and a third read reference 
parameter; 

wherein the first read reference parameter is allocated to represent a level 
between the threshold level indicating the erase state and a level represented by the first 
programming reference parameter, the second read reference parameter is allocated between 
the first programming reference parameter and the second programming reference parameter, 
and the third read reference parameter is allocated between the second programming reference 
parameter and the third programming reference parameter, 

wherein the sensing/program-verifying circuitry generates data of at least two 
bits represented by the one non-volatile memory cell threshold voltage, verifies whether the 
one non-volatile memory cell threshold voltage is shifted to the threshold level indicating a 
selected one of the programming states, and programs the one non- volatile memory cell until 
it is verified that the one non-volatile memory cell threshold voltage has been shifted to that 
threshold level, 

wherein the first programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a first threshold level of 
the three threshold levels, and the first read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the first threshold level or to the 
threshold level indicating the erase state, 

wherein the second programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a second threshold level of 
the three threshold levels, and the second read reference parameter is used for detecting 
whether non-volatile memory cell threshold voltages are near to the second threshold level or 
to the first threshold level, 

wherein the third programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a third threshold level of 
the three threshold levels, and the third read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the third threshold level or to the 
second threshold level, 
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wherein the first read reference parameter, the second read reference parameter 
and the third read reference parameter are parameters for a normal read operation in which the 
information stored in the one non- volatile memory cell can be read out as output data of a 
plurality of bits, 

wherein the normal read operation includes parallel-comparing the parameter 
representing the threshold voltage of the one non-volatile memory cell with the plurality of 
reading reference parameters using a plurality of sense circuits including at least a first sense 
circuit, a second sense circuit and a third sense circuit, first input terminals of the first sense 
circuit, the second sense circuit and the third sense circuit are commonly supplied with the 
parameter from the one non- volatile multi-level memory cell, a second input terminal of the 
first sense circuit is supplied with the first read reference parameter, a second input terminal 
of the second sense circuit is supplied with the second read reference parameter and a second 
input terminal of the third sense circuit is supplied with the third read reference parameter, 

wherein the first read reference parameter is allocated to represent a level 
between the threshold level indicating the erase state and the first threshold level, the second 
read reference parameter is allocated to represent a level between the first threshold level and 
the second threshold level, and the third read reference parameter is allocated to represent a 
level between the second threshold level and the third threshold level, and 

wherein the level represented by the second read reference parameter is 
allocated substantially at a midpoint between the first threshold level and the second threshold 
level, and the level represented by the first read reference parameter is allocated toward the 
first threshold level from a midpoint between the threshold level indicating the erase state and 
the first threshold level. 

108. A non-volatile semiconductor memory device according to claim 107, 
wherein an operation of shifting the one non-volatile memory cell threshold 

voltage to the threshold level indicating the selected programming state includes a program 
operation in which electrons are injected into the floating gate of the one non- volatile memory 
cell by applying at least one programming pulse to a bit line coupled to a drain of the one non- 
volatile memory cell. 

109. A non-volatile semiconductor memory device according to claim 107, 
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wherein a conductivity value of the one non- volatile memory cell is decreased 
in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 

wherein threshold voltages of non- volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 

1 10. A non- volatile semiconductor memory device according to claim 109, 
wherein each of the plurality of non- volatile memory cells has a floating gate 

to which electrons are capable of being injected from a channel. 

111. A non- volatile semiconductor memory device according to claim 108, 
wherein a conductivity value of the one non- volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 

wherein threshold voltages of non-volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 

112. A non- volatile semiconductor memory device according to claim 111, 
wherein each of the plurality of non- volatile memory cells has a floating gate 

to which electrons are capable of being injected from a channel. 

113. A non-volatile semiconductor memory device comprising: 

a plurality of non-volatile memory cells each of which has a floating gate and a 
threshold voltage representing data of at least two bits, wherein electrons are capable of being 
injected into the floating gate, and wherein threshold voltages of the plurality of non- volatile 
memory cells are shiftable among at least three threshold levels which indicate mutually 
different programming states and which also differ from a threshold level indicating an erase 
state; and 

sensing/program-verifying circuitry receiving a parameter which represents the 
threshold voltage of one non- volatile memory cell, a first programming reference parameter, a 
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first read reference parameter, a second programming reference parameter, a second read 
reference parameter, a third programming reference parameter and a third read reference 
parameter; 

wherein the first read reference parameter is allocated to represent a level 
between the threshold level indicating the erase state and a level represented by the first 
programming reference parameter, the second read reference parameter is allocated between 
the first programming reference parameter and the second programming reference parameter, 
and the third read reference parameter is allocated between the second programming reference 
parameter and the third programming reference parameter, 

wherein the sensing/program-verifying circuitry generates data of at least two 
bits represented by the one non-volatile memory cell threshold voltage, verifies whether the 
one non-volatile memory cell threshold voltage is shifted to the threshold level indicating a 
selected one of the programming states, and programs the one non-volatile memory cell until 
it is verified that the one non-volatile memory cell threshold voltage has been shifted to that 
threshold level, 

wherein the first programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a first threshold level of 
the three threshold levels, and the first read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the first threshold level or to the 
threshold level indicating the erase state, 

wherein the second programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a second threshold level of 
the three threshold levels, and the second read reference parameter is used for detecting 
whether non-volatile memory cell threshold voltages are near to the second threshold level or 
to the first threshold level, 

wherein the third programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a third threshold level of 
the three threshold levels, and the third read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the third threshold level or to the 
second threshold level, 

wherein the first read reference parameter, the second read reference parameter 
and the third read reference parameter are parameters for a normal read operation in which the 
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information stored in the one non-volatile memory cell can be read out as output data of a 
plurality of bits, 

wherein the normal read operation includes parallel-comparing the parameter 
representing the threshold voltage of the one non-volatile memory cell with the plurality of 
reading reference parameters using a plurality of sense circuits including at least a first sense 
circuit, a second sense circuit and a third sense circuit, first input terminals of the first sense 
circuit, the second sense circuit and the third sense circuit are commonly supplied with the 
parameter representing the threshold voltage of the one non-volatile memory cell, a second 
input terminal of the first sense circuit is supplied with the first read reference parameter, a 
second input terminal of the second sense circuit is supplied with the second read reference 
parameter and a second input terminal of the third sense circuit is supplied with the third read 
reference parameter, 

wherein the first read reference parameter is allocated to represent a level 
between the threshold level indicating the erase state and the first threshold level, the second 
read reference parameter is allocated to represent a level between the first threshold level and 
the second threshold level, and the third read reference parameter is allocated to represent a 
level between the second threshold level and the third threshold level, and 

wherein the level represented by the second read reference parameter is 
allocated substantially at a midpoint between the first threshold level and the second threshold 
level, and the level represented by the third read reference parameter is allocated toward the 
second threshold level from a midpoint between the second threshold level and the third 
threshold level. 

114. A non-volatile semiconductor memory device according to claim 113, 
wherein an operation of shifting the one non-volatile memory cell threshold 

voltage to the threshold level indicating the selected programming state includes a program 
operation in which electrons are injected into the floating gate of the one non- volatile memory 
cell by applying at least one programming pulse supplied to a bit line coupled to a drain of the 
one non-volatile memory cell. 

1 15. A non-volatile semiconductor memory device according to claim 1 13, 
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wherein a conductivity value of the one non-volatile memory cell is decreased 
in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 

wherein threshold voltages of non-volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 

1 16. A non- volatile semiconductor memory device according to claim 115, 
wherein each of the plurality of non- volatile memory cells has a floating gate 

to which electrons are capable of being injected from a channel. 

1 17. A non- volatile semiconductor memory device according to claim 114, 
wherein a conductivity value of the one non- volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 

wherein threshold voltages of non-volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 

1 18. A non- volatile semiconductor memory device according to claim 117, 
wherein each of the plurality of non-volatile memory cells has a floating gate 

to which electrons are capable of being injected from a channel. 

1 19. A non-volatile semiconductor memory device comprising: 

a plurality of non- volatile memory cells each of which has a floating gate and a 
threshold voltage representing data of at least two bits, wherein electrons are capable of being 
injected into the floating gate, and wherein threshold voltages of the plurality of non- volatile 
memory cells are shiftable among at least three threshold levels which indicate mutually 
different programming states and which also differ from a threshold level indicating an erase 
state; and 

sensing/program-verifying circuitry receiving a parameter which represents the 
threshold voltage of one non- volatile memory cell, a first programming reference parameter, a 
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first read reference parameter, a second programming reference parameter, a second read 
reference parameter, a third programming reference parameter and a third read reference 
parameter; 

wherein the first read reference parameter is allocated to represent a level 
between the threshold level indicating the erase state and a level represented by the first 
programming reference parameter, the second read reference parameter is allocated between 
the first programming reference parameter and the second programming reference parameter, 
and the third read reference parameter is allocated between the second programming reference 
parameter and the third programming reference parameter, 

wherein the sensing/program-verifying circuitry generates data of at least two 
bits represented by the one non-volatile memory cell threshold voltage, verifies whether the 
one non-volatile memory cell threshold voltage is shifted to the threshold level indicating a 
selected one of the programming states, and programs the one non- volatile memory cell until 
it is verified that the one non-volatile memory cell threshold voltage has been shifted to that 
threshold level, 

wherein the first programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a first threshold level of 
the three threshold levels, and the first read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the first threshold level or to the 
threshold level indicating the erase state, 

wherein the second programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a second threshold level of 
the three threshold levels, and the second read reference parameter is used for detecting 
whether non-volatile memory cell threshold voltages are near to the second threshold level or 
to the first threshold level, 

wherein the third programming reference parameter is used for verifying 
whether non-volatile memory cell threshold voltages are shifted to a third threshold level of 
the three threshold levels, and the third read reference parameter is used for detecting whether 
non-volatile memory cell threshold voltages are near to the third threshold level or to the 
second threshold level, 

wherein the first read reference parameter, the second read reference parameter 
and the third read reference parameter are parameters for a normal read operation in which the 
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information stored in the one non-volatile memory cell can be read out as output data of a 
plurality of bits, 

wherein the normal read operation includes parallel-comparing the parameter 
representing the threshold voltage of the one non-volatile memory cell with the plurality of 
reading reference parameters using a plurality of sense circuits including at least a first sense 
circuit, a second sense circuit and a third sense circuit, first input terminals of the first sense 
circuit, the second sense circuit and the third sense circuit are commonly supplied with the 
parameter representing the threshold voltage of the one non-volatile memory cell, a second 
input terminal of the first sense circuit is supplied with the first read reference parameter, a 
second input terminal of the second sense circuit is supplied with the second read reference 
parameter and a second input terminal of the third sense circuit is supplied with the third read 
reference parameter, 

wherein the first read reference parameter is allocated to represent a level 
between the threshold level indicating the erase state and the first threshold level, the second 
read reference parameter is allocated to represent a level between the first threshold level and 
the second threshold level, and the third read reference parameter is allocated to represent a 
level between the second threshold level and the third threshold level, and 

wherein the level represented by the second read reference parameter is 
allocated substantially at a midpoint between the first threshold level and the second threshold 
level, and the level represented by the first read reference parameter is allocated toward the 
first threshold level from a midpoint between the threshold level indicating the erase state and 
the first threshold level, and the level represented by the third read reference parameter is 
allocated toward the second threshold level from a midpoint between the second threshold 
level and the third threshold level. 

120. A non- volatile semiconductor memory device according to claim 1 19, 
wherein an operation of shifting the one non-volatile memory cell threshold 
voltage to the threshold level indicated the selected programming state includes a program 
operation in which electrons are injected into the floating gate of the one non-volatile memory 
cell by applying at least one programming pulse supplied to a bit line coupled to a drain of the 
one non-volatile memory cell. 
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121. A non- volatile semiconductor memory device according to claim 1 19, 
wherein a conductivity value of the one non- volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 

threshold level and the third threshold level, and 

wherein threshold voltages of non- volatile memory cells of one of a byte, a 

block and a chip level can be shifted to the threshold level indicating the erase state by an 

erase operation. 



122. A non- volatile semiconductor memory device according to claim 121, 
wherein each of the plurality of non- volatile memory cells has a floating gate 

to which electrons are capable of being injected from a channel. 

123. A non- volatile semiconductor memory device according to claim 120, 
wherein a conductivity value of the one non- volatile memory cell is decreased 

in order of the threshold level indicating the erase state, the first threshold level, the second 
threshold level and the third threshold level, and 

wherein threshold voltages of non-volatile memory cells of one of a byte, a 
block and a chip level can be shifted to the threshold level indicating the erase state by an 
erase operation. 



124. A non- volatile semiconductor memory device according to claim 123, 
wherein each of the plurality of non-volatile memory cells has a floating gate 
to which electrons are capable of being injected from a channel.-- 
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